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Stenotic disease at the carotid bifurcation is often
accompanied by elongation and tortuosity of the
distal internal carotid artery (ICA) (Fig. 1A).
Carotid endarterectomy (CEA) for symptomatic
stenotic disease is used to remove the diseased and
other rigid intima with part of the media, leaving
only the outer elastic layer and adventitia. This often
results in a lax and dilated arterial wall, which is
prone to kinking at the junction of the endarterec-
tomized and “normal” artery, especially in the pres-
ence of an already elongated and tortuous ICA. This
situation is not necessarily rectified with the use of
patch angioplasty, which does not solve the problem
of redundant ICA length (Fig. 1B). 
Kinking appears to be an important cause of
early postoperative thrombosis.1 There are few pub-
lished data on the long-term effects of CEA with
concomitant shortening and reimplantation of the
ICA. This study was undertaken to establish
whether ICA reimplantation to correct an elongated
ICA and prevent postendarterectomy kinking
imposed additional morbidity and mortality rates
over and above those of conventional CEA alone.
METHODS
Patients were recruited for the study who were
undergoing CEA for symptomatic (more than 70%)
ICA stenosis on duplex Doppler imaging with spec-
tral waveform analysis. All patients had experienced
ipsilateral cerebral ischemia except one, who was
randomized to surgery through the Asymptomatic
Carotid Surgery Trial, having undergone a con-
tralateral CEA the previous year for transient cere-
bral ischemia. 
All patients who had CEA were given a general
anesthetic, during which systemic blood pressure
and end-tidal carbon dioxide were controlled.
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Ipsilateral cerebral monitoring was performed with
transcranial Doppler (TCD) (Neuroguard CDS,
Fremont, Calif.) of middle cerebral artery blood
flow velocity and near infrared spectroscopy of
regional cerebral oxygen saturation (CsO2) (Invos
3000A, Troy, Mich.). An intraluminal shunt was
inserted if TCD fell by more than 80% or CsO2 fell
by more than 10% on application of carotid cross-
clamps. These values have been obtained through 4
years of experience using these monitors of cerebral
perfusion.2-4
Adequate mobilization of the ICA was essential to
achieve full assessment of the distal vessel, which may
be tortuous and redundant. Patients with a tortuous
or elongated ICA were selected for reimplantation.
In most patients, elongation occurred with
dilatation of the carotid bulb (more than 12 mm).
The dilated region then could be excised with the
knowledge there was sufficient ICA length for reim-
plantation.
In all patients, the vessels were mobilized in the
usual way to provide adequate control before clamps
were applied in the following order: external (ECA),
ICA, and common carotid (CCA). Arteriotomy was
performed from the bifurcation up the ICA to assess
the location of stenosis. If the ICA was not tortuous
or elongated, a conventional endarterectomy was
performed with Dacron patch angioplasty if the
diameter of the ICA was less than 5.5 mm. 
Where the ICA was elongated and tortuous with
a risk of postoperative kinking, the arteriotomy was
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started in the CCA in the usual way but extended
into the ICA so as to terminate on its anterior sur-
face facing the ECA (Fig. 2A). 
A segment of the diseased proximal ICA was
excised, allowing sufficient length to reimplant the
proximal end into the bifurcation (Fig. 2B). The
arteriotomy was extended into the origin of the
ECA, and where necessary, diseased ECA was
removed by endarterectomy. The oblique end of the
proximal ICA was spatulated and then reanasto-
mosed to the bifurcation using 6-0 Prolene suture
Fig. 1. A, Tortuous ICA before endarterectomy and
stenotic disease at the bifurcation. B, After endarterecto-
my and patch angioplasty, ballooning results in kinking of
the distal ICA.
Fig. 2. A, Location of arteriotomy. B, Arteriotomy en-
ables disease within the lumen to be assessed. Segment to
be excised is shown (dotted lines). C, Reimplantation of
the proximal ICA into the bifurcation straightens the kink.
D, Compromise of the CCA lumen is prevented by
Dacron patch angioplasty.
and a parachute technique to ensure technical preci-
sion on the back wall (Fig. 2C). Endarterectomy at
the bifurcation was rarely required in these patients
because the diseased length of the ICA could usual-
ly be excised completely. 
Dacron patch angioplasty was carried out if the
diameter of the common carotid was compromised
by the need to excise atherosclerotic segments (Fig.
2D). Heparin was not reversed. 
When an intraluminal shunt was required, this
was inserted into the ICA, and reimplantation was
performed, also using a parachute technique, to
place all sutures in the posterior wall before allowing
the two ends to come together. The reimplantation
was then completed with the shunt in place, with the
shunt removed via the most accessible anterior part
of the anastomosis or patch when this was required.
Patients undergoing reimplantation were com-
pared with those undergoing conventional endar-
terectomy. 
RESULTS
During the period of February 1993 through
July 1996, 233 patients underwent carotid surgery.
The groups were comparable in terms of risk factors
for vascular disease. Conventional CEA was per-
formed on 203 patients. Mean age was 66 years
(range, 49 to 85 years), and 60% were men. All had
experienced symptoms of cerebral ischemia. Fifty of
the patients in this group (24.6%) had Dacron patch
angioplasty. Neck hematoma requiring evacuation
occurred in 13 (6.4%), perioperative transient
ischemic attack occurred in 8 (3.9%), and stroke
occurred in 5 (2.5%). All patients attended follow-
up with duplex Doppler imaging and spectral wave-
form analysis at 2 and 6 months and then annually.
Fourteen patients (6.9%) had significant restenosis
(more than 70% on duplex Doppler imaging). 
Thirty patients underwent proximal ICA exci-
sion and reimplantation (17 men [57%] and 13
women; mean age, 69 years; age range, 57 to 79).
All except one were symptomatic; he had been ran-
domized to surgery in the Asymptomatic Carotid
Surgery Trial. Twenty-five (83%) had reimplantation
alone; the remaining five had additional Dacron
patch angioplasty to the bifurcation. Six patients
(20%) required an intraluminal shunt during surgery
due to a greater than 80% fall in TCD or greater
than 10% fall in CsO2. 
One patient developed a stroke, which did not
become apparent until the second postoperative day
when a mild weakness was discovered in the con-
tralateral arm. During surgery, an intraluminal shunt
had been inserted when the TCD signal disappeared
and CsO2 fell by 14% on cross-clamping. After com-
pletion of the endarterectomy and simple closure,
there was poor recovery of the TCD signal on
declamping, and recurrent microemboli were
detected. The ICA appeared to be tortuous and was
kinking. The shunt was reinserted after reclamping,
and a segment of proximal ICA was excised. Distal
platelet thrombus was cleared, and the ICA was
reimplanted with a good result. On declamping a
second time, there was good recovery of the TCD
signal, no thrill, and no further emboli. The etiolo-
gy of this patient’s stroke was probably embolic on
declamping after CEA as there was no delay to shunt
insertion and TCD signals were adequate through-
out surgery. The patient made a complete recovery
and was asymptomatic on discharge.
In another patient, the decision to reimplant the
ICA was not taken after initial dissection but rather
after an unsatisfactory result was obtained after sim-
ple CEA. The ICA was kinked and tortuous after
closure of the arteriotomy, and a bruit was palpable.
The arteriotomy incision was reopened, a segment
of the ICA was excised, and the proximal end was
reimplanted with a good result. In all other patients,
reimplantation was the primary procedure. 
Three patients (10%) required reexploration of
the neck for hematoma within 12 hours of surgery;
only general oozing was found, and they all made a
complete recovery. All patients continue to take
aspirin up until the time of surgery and were fully
heparinized during surgery. Reversal of heparin by
protamine was studied in a randomized trial during
1996 but appeared to precipitate ICA thrombosis.5
One patient developed asymptomatic hyperper-
fusion on declamping (more than doubling of mid-
dle cerebral blood flow velocity on TCD), was treat-
ed with dexamethasone and mannitol in the imme-
diate postoperative period, and made a complete
recovery.
All patients were followed-up with duplex
Doppler imaging; the mean follow-up was 15
months (range, 2 to 42 months). All patients were
asymptomatic, and in 93%, the ICA on the operated
side was widely patent with no restenosis. A signifi-
cant stenosis at follow-up was detected in only two
patients who developed smooth stenoses at the site
of simultaneous endarterectomy consistent with
neointimal hyperplasia.
DISCUSSION
In patients in whom there is a risk of kinking
after carotid endarterectomy, excision of the dis-
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used.10 There have been no randomized trials, how-
ever, and there are few published data on the long-
term effects of concomitant shortening.
In carotid surgery, reconstructive techniques
must be tailored to operative findings and will
depend on vessel caliber, mobility, and tendency to
kink.1,10 Shortening is appropriate in some patients
(at least 13% of our patients) and should be a tech-
nique with which the vascular surgeon is familiar.
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eased segment of proximal ICA and reimplantation
of the distal ICA into the carotid bifurcation pro-
vides results comparable to those of conventional
CEA. Although patch angioplasty is advocated to
reduce the probability of kinking, our experience,
which is in line with that of others, is that a kink may
develop just distal to the end of the patch1 (Fig. 1B). 
These results show that an elongated, tortuous
ICA can be shortened and reimplanted at carotid
endarterectomy without imposing additional mor-
bidity and mortality risks. Concurrent dilatation of
the carotid bulb was common and could be excised
during the procedure. 
Three of our patients requires evacuation of a
hematoma, but the hemorrhage did not arise from
arterial suture lines, and all patients were receiving
aspirin and were fully heparinized. Therefore no
additional morbidity risk can be ascribed to this
technique.
The restenosis rate for this group of patients was
6.7% at a mean follow-up of 15 months, which com-
pares favorably with other published rates.6
Spontaneous kinking of the ICA due to athero-
sclerosis, dilatation, and elongation occur in patients
with symptoms of cerebral ischemia and results from
a disparity between the muscular wall and adventi-
tia.7 Atherosclerosis may cause weakening of the ves-
sel wall, which thins and predisposes to kinking, or
kinking may accelerate atherosclerosis by producing
flow irregularities.8,9 The significance of these spon-
taneous ICA kinks remains uncertain, although sev-
eral surgical approaches have been described.10-13
Alternatives include (1) a transverse arteriotomy to
excise the redundant portion of ICA with suture of
the distal ICA to the proximal ICA stump after spat-
ulation of the ends, with the front wall being com-
pleted with a patch angioplasty,12 or (2) a long arte-
riotomy along the carotid bulb followed by transec-
tion of the proximal ICA, which is then brought
down to be sutured into the bulb without any por-
tion being excised.13 Although these patients had
symptoms of cerebral ischemia, they did not neces-
sarily have coincident critical ICA stenosis. These
results are not comparable to ours because the indi-
cations for surgery were quite different. Comparable
results to those of conventional CEA have been
reported, although a variety of techniques were
